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FUEL INJECTION SYSTEM
FIELD OF THE INVENTION

[0001] The present invention relates to a fuel injection
system for an internal combustion engine, and in particular
to a fuel injection system including an accumulator volume
in the form of a common rail. The fuel system of the present
invention is capable of providing a range of injection
pressure and injection-rate shaping characteristics. The
invention also relates to a common rail fuel system including
a shut off valve, and to a shut off valve for use in a fuel
injection system.

BACKGROUND OF THE INVENTION

[0002] In known fuel injector designs, a nozzle control
valve is provided to control movement of a fuel injector
valve needle relative to a seating and, thus, to control the
delivery of fuel from the injector. A so-called Electronic Unit
Injector (EUI) is an example of such an injector. An Elec-
tronic Unit Injector includes a dedicated pump having a
cam-driven plunger for raising fuel pressure within a pump
chamber, and an injection nozzle through which fuel is
injected into an associated engine cylinder. A spill valve is
operable to control the pressure of the fuel within the pump
chamber. When the spill valve is in an open position, the
pump chamber communicates with a low pressure fuel
reservoir so that fuel pressure within the pump chamber is
not substantially affected by movement of the plunger and
fuel is simply drawn into and displaced from the pump
chamber as the plunger reciprocates. Closure of the spill
valve causes pressure in the pump chamber to rise as the
plunger is driven to reduce the volume of the pump chamber.
Each Electronic Unit Injector has an electronically con-
trolled nozzle control valve that is arranged to control the
timing of commencement and termination of the injection of
fuel into an associated engine cylinder. Typically, the engine
is provided with a plurality of Electronic Unit Injectors, one
for each cylinder of the engine.

[0003] Although the use of a nozzle control valve in an
Electronic Unit Injector provides a capability for controlling
the injection timing, and such units are capable of achieving
high injection pressures, both injection pressure and injec-
tion timing are limited to some extent by the nature of the
associated cam drive.

[0004] In common rail fuel injection systems, a single
pump is arranged to charge an accumulator volume, or
common rail, with high pressure fuel for supply to a plurality
of injectors of the fuel system. As in an Electronic Unit
Injector, the timing of injection is controlled by means of a
nozzle control valve associated with each injector. One
advantage of the common rail system is that the timing of
injection of fuel at high pressure is not dependent upon a
cam drive, and so fast and accurate control of the timing of
injection can be achieved with the nozzle control valves.
However, achieving very high injection pressure within a
common rail system is problematic and the high levels to
which fuel must be pressurised can cause high stresses
within the pump and within the rail. The rail must therefore
be provided with a relatively thick wall for pressure con-
tainment, making it heavy and bulky. Parasitic fuel losses
can also be high.

[0005] 1t has been recognised that significant improve-
ments in combustion quality and efficiency may be achieved
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by rapidly varying the injection pressure level and injection
rate within an injection event. Such variations in the injec-
tion characteristics can be difficult to achieve rapidly with
both Electronic Unit Injector systems and common rail
systems, and the efficiency of both types of system is
limited. For example, in a common rail system designed to
achieve injection at a high rail pressure, it is also possible to
achieve a lower injection pressure by relieving some of the
high pressure fuel to a low pressure reservoir. This, however,
is an inefficient use of pumping energy.

[0006] T1tis a feature of common rail systems that in order
to terminate injection it is usually necessary to apply a high
hydraulic force to the back end of the injector valve needle,
and this is achieved through operation of the nozzle control
valve. It has been found, however, that this results in a
disruption of the fuel spray formation into the engine
cylinder, and produces an unnecessary degree of smoke.

[0007] The present invention is aimed at one or more of
the problems set forth above.

SUMMARY OF THE INVENTION AND
ADVANTAGES

[0008] It is one aim of the present invention to provide a
fuel injection system which substantially overcomes or
alleviates at least one of the aforementioned limitations and
disadvantages of common rail and Electronic Unit Injector
fuel injection systems. It is a further aim of the invention to
provide a fuel injection system having a capability for
achieving injection at a range of injection pressures, and
with accurate and efficient control of the injection timing and
rate. It is a still further aim of the present invention to
overcome or alleviate the aforementioned fuel spray degra-
dation problem that is associated with termination of injec-
tion in common rail and Electronic Unit Injector fuel sys-
tems.

[0009] According to the present invention there is pro-
vided a fuel injection system for supplying pressurised fuel
to a fuel injector, the fuel injection system comprising an
accumulator volume for supplying fuel at a first injectable
pressure level to the fuel injector through a fuel supply
passage, pump means, in the form of a pump arrangement,
for increasing the pressure of fuel supplied to the injector to
a second injectable pressure level, and valve means, in the
form of a valve arrangement, operable between a first
position in which fuel at the first injectable pressure level is
supplied to the injector and a second position in which
communication between the injector and the accumulator
volume is broken so as to permit fuel at the second injectable
pressure to be supplied to the injector.

[0010] Preferably, the pump means is arranged, at least in
part, within the high pressure fuel supply passage.

[0011] One advantage of the invention is the ability to
control the injection of fuel at different pressure levels,
without the need to relieve high pressure fuel to low pres-
sure. The system therefore has improved efficiency over
known common rail fuel systems. The accumulator volume
may be charged with fuel at a moderate pressure of, say, 300
bar, and the pump means may be arranged to increase rail
pressure further to, say, between 2000 and 2500 bar. Within
one engine cycle it is therefore possible to vary the pressure
of the injected fuel (and thereby the injection rate), and this



